devised three short forms of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) that are quick to administer and score and that compare favorably with existing short forms in terms of validity. They noted that the triad of Information (I) + Digit Span (DSp) + Picture Completion (PC) is quicker to give and has better validity characteristics than Silverstein's (1982) well-researched combination of Vocabulary (V) + Block Design (BD). Kaufman et al. also observed that the dyad of I-PC is even shorter and still possesses adequate reliability and validity and that the tetrad of Arithmetic (A) + Similarities (S) + PC + Digit Symbol (DSy) is faster to administer and just as valid and reliable as Silverstein's (1982) combination of V + A + Picture Arrangement (PA) + BD. Kaufman et al. indicated that t' :ir abbreviations are not intended for diagnostic or classificatory purposes. However, they should be useful in situations where only a gross IQ estimate is required such as in research or comprehensive personality evaluations or when a clinician wishes to check the intellectual status of a person who recently completed the full WAIS-R. In neuropsychological assessment, the time saved
Kaufman and associates (Kaufman, 1990; Kaufman, Ishikuma, & Kaufman-Packer, 1991) devised three short forms of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) that are quick to administer and score and that compare favorably with existing short forms in terms of validity. They noted that the triad of Information (I) + Digit Span (DSp) + Picture Completion (PC) is quicker to give and has better validity characteristics than Silverstein's (1982) well-researched combination of Vocabulary (V) + Block Design (BD). Kaufman et al. also observed that the dyad of I-PC is even shorter and still possesses adequate reliability and validity and that the tetrad of Arithmetic (A) + Similarities (S) + PC + Digit Symbol (DSy) is faster to administer and just as valid and reliable as Silverstein's (1982) combination of V + A + Picture Arrangement (PA) + BD. Kaufman et al. indicated that t' :ir abbreviations are not intended for diagnostic or classificatory purposes. However, they should be useful in situations where only a gross IQ estimate is required such as in research or comprehensive personality evaluations or when a clinician wishes to check the intellectual status of a person who recently completed the full WAIS-R. In neuropsychological assessment, the time saved by giving a short form may be applied to the pursuit of clinical hypotheses and to administering tests of memory, language, executive functions, and other abilities.
The merits of the Kaufman short forms have been evaluated in the WAIS-R standardization sample (Kaufman et al., 1991) , with 100 psychiatric inpatients (Boone, 1992) , and with 340 psychiatric inpatients and outpatients (McCusker, 1994) . Validity coefficients (i.e., correlations of short form estimates with Full Scale IQs) for I-PC were .88, .89, and .89 in the Kaufman et al., Boone, and McCusker studies, respectively. Validities from the three studies were .92, .94, and .92 for I-DSp-PC and .95, .93, and .94 for A-S-PC-DSy. Boone and McCusker also computed a measure called "bandwidth," which was defined as the distance in IQ points from the actual mean that included 95% of the estimates. Bandwidths ranged from 9 to 13 IQ points for the three short forms in McCusker's research and from 10 to 15 IQ points in the Boone study. Kaufman et al. (1991) have noted that their WAIS-R abbreviations are quick, requiring 20 minutes or less to administer, and may be useful for certain purposes in neuropsychological assessment. However, there are a number of other subtest combinations that can be given quickly and provide alternatives to the Kaufman forms. Ward and Ryan (1996) , for example, included the Kaufman abbreviations among 565 short forms that were categorized according to the time saved by using the abbreviation in comparison to administering the full test. All three Kaufman short forms were the best or among the best in their respective time savings categories when short forms were ranked by corrected part-whole validity coefficients calculated from the WAIS-R standardization data. I-PC was the best of 9 short forms that saved at least 85% of the time. I-DSp-PC was fourth among 25 forms that reduced administration time by 80% to 84%, and A-S-PC-DSy was third among 31 forms with time savings of 75% to 79%.
The present research evaluated 41 WAIS-R abbreviations in a large sample of neurological patients. Kaufman's short forms and 38 other subtest combinations, consisting of 2, 3, or 4 subtests and requiring no more that 20 minutes to give, were extracted from full administrations of the WAIS-R. As in the research of Kaufman et al. (1991) , the included dyads and tetrads drew equally from the Verbal and Performance subtests. Triads had 1 Performance and 2 Verbal subtests. In addition to these 41 brief forms, the subtest combinations of V-BD and V-A-PA-BD of Silverstein (1982) and the I-A-PC-BD tetrad of Reynolds, Willson, and Clark (1983) were evaluated for purposes of comparison. Finally, administration time estimates from the data of Ryan and Rosenberg (1984) and reliabilities from WAIS-R standardization data (Wechsler, 1981) were computed to make comprehensive information available for evaluating the 41 quick WAIS-R short forms.
METHOD

Subjects
Participants were 172 male and 2 female patients at a Veterans Affairs Medical Center who were less than 75-years-old and who were given the full WAIS-R as part of a neuropsychological assessment. Diagnoses included Alzheimer's Disease (16), alcohol-induced cognitive disorders of various types (16), cerebral tumor (8), stroke and other vascular cognitive disorders (42), head injury (52), Parkinson's disease (10), and other cognitive disorders of various etiologies (30). Racial composition of the sample was 160 whites, 13 blacks, and 1 Hispanic. One hundred fifty-seven were right-handed, 13 left-handed, and 4 had mixed dominance. Age, education, and WAIS-R scores are summarized in Table 1 . Note. WAIS-R subtest scores are based on age-adjusted norms.
Procedure
A trained technician or predoctoral intern administered the WAIS-R to each patient as part of an extensive neuropsychological examination. The technician had a bachelor's degree in psychology, met the requirements set forth by the Department of Veterans Affairs for employment as a psychology technician, and had extensive experience in test administration under the supervision of licensed psychologists. The predoctoral intern had successfully completed formal graduate work in psychological assessment and passed a proficiency examination on WAIS-R administration. Full Scale IQs were determined from sums of scaled scores as described in the manual (Wechsler, 1981) . Age-corrected subtest scores were obtained from Table 21 in the manual. The Full Scale IQs were compared with estimated Full Scale IQs based on each of 41 subtest combinations, including the three short forms of Kaufman et al. (1991) . The short forms represented all possible combinations of subtests in which the number of Verbal components was equal to, or exceeded by no more than one, the number of Performance components and which had estimated administration times of 20 minutes or less (Ryan & Rosenberg, 1984) . The abbreviations bad 2, 3, or 4 subtests, since there were no 5-subtest combinations (3 Verbal and 2 Performance subtests) that took 20 minutes or less to give. Estimated Full Scale IQs were obtained for each short form using age-corrected subtest scores. Calculations were based on formula 4 of Tellegen and Briggs (1967) . These same estimation procedures were used for estimating Full Scale IQs from V-BD, V-A-PA-BD, and I-A-PC-BD.
RESULTS
The 41 short forms were separated for comparison into those that require less than 15 minutes to administer and those that take 15 to 20 minutes to give. There were 14 short forms in the former category and 27 in the latter. Several measures of validity were computed. However, primary interest was given to the absolute error of prediction, which was defined as the absolute value of the difference between the IQ predicted by the short form and the actual Full Scale IQ based on all 11 subtests. The means and standard deviations of the Adj. M = mean absolute error corrected for test time. Max = largest absolute error. M diff. = mean of estimated IQs minus mean of actual IQs. Bandwidth = magnitude of absolute error in IQ points that includes 95% of the cases, r = correlation of estimated and actual IQs. r = reliability coefficient for WAIS-R standardization data averaged across age groups. Time = short form administration time in minutes from data of Ryan and Rosenberg (1984) .
absolute errors for the 174 subjects were computed for each short form, and the mean was taken as an index of short form validity. Even within the restricted range of administration times of the 41 short forms, mean absolute error was significantly correlated with test administration time (r = -.48, p < .01).
There was no tendency for the correlation to depart from linearity (p > .50), and heteroscedasticity was minimal and nonsignificant (p > .50). Consequently, it was possible to introduce a linear correction to the error data. Standardized residuals from the least squares prediction of absolute error scores by total time were converted to adjusted absolute error scores by giving them the same mean and standard deviation as the unadjusted scores. The adjusted scores provide a comparison of short form error magnitudes independent of administration time and are inversely related to short form efficiency. Smaller adjusted error scores indicate more efficient short forms, because error size has been corrected for the administration time of the short form. Table 2 summarizes the data on validity for the 10 best short forms that require less than 15 minutes to administer, and Table 3 gives validity information for the 10 best short forms that require 15 to 20 minutes to give. The 41 subtest combinations requiring 20 minutes or less to give were rank ordered within administration time categories according to efficiency, so that forms with the smallest adjusted mean errors appear first. The three abbreviations of Silverstein (1982) and Reynolds et al. (1983) are listed last in Table 3 without regard to validity data. Other validity measures shown in Tables 2 and 3 are the mean and standard deviation of the absolute errors; the correlation of estimated and actual Full Scale IQs (validity coefficients); the difference between the mean of the estimates and the mean of the actual IQs; and the maximum error obtained with each short form for the sample of 174 patients. Bandwidth, which is the distance in IQ points from the actual mean that includes 95% of the estimates, is reported for each short form in Tables 2 and 3 . Also shown in those two tables are administration time estimates from the data of Ryan and Rosenberg (1984) and reliability estimates from the WAIS-R standardization sample. Short form reliability (rcc) was estimated for each of the nine age groups from information in the WAIS-R manual (Wechsler, 1981) by formula 1 of Tellegen and Briggs (1967) , and reliability coefficients were averaged across age groups using Fisher's z transformation to obtain a single value for each short form, As is evident from Table 1 , the averages of the age-corrected subtest scores vary considerably, and because short form IQs are estimated from these scores, the estimates for certain subtest combinations deviate consistently from actual Full Scale IQs. The variation of average scores is particularly evident for the Performance subtests. The mean of the subtest scores is 8.11 for PC but only 6.33 for DSy. Consequently, short forms which are composed of a few tests that include PC tend to overestimate Full Scale IQs, whereas those with DSy underestimate actual IQs. For example, I-PC overestimates Full Scale IQ by nearly 4 IQ points, but DSp-DSy underestimates Full Scale IQ by nearly 4 IQ points. The simple expedient of adding 4 points to the I-PC estimate reduces the average error from 5.91 to 5.33
and decreases the size of the maximum error to 21.
DISCUSSION
The magnitude of error in predicting Full Scale IQ from very brief WAIS-R abbreviations is disconcerting. Even the best short forms had average errors of more than 4 IQ points, with 5% of the estimates differing from the actual Full Scale IQs by 10 or more points. Maximum errors for the best subtest combinations were 15 IQ points or more. Moreover, the most accurate short forms in absolute terms were also the most time consuming to administer. The best of the quickest abbreviations, that is, those requiring 8 to 12 minutes to give, had average errors of over 5 IQ points and maximum errors of 20 IQ points. The short form errors obtained in this research, although large, are not unreasonable when compared to errors that occur with other, widely recommended abbreviations. Kaufman's A-S-PC-DSy, for example, had a smaller average error, maximum error, and bandwidth than the V-BD short form of Silverstein (1982) , and A-S-PC-DSy requires less time to administer than V-BD. A-S-PC-DSy also had validity comparable to values obtained with the I-A-PC-BD tetrad of Reynolds et al. (1983) , which can require 50% longer to administer. Moreover, the V-A-PA-BD tetrad of Silverstein (1982) was only marginally better in error measures than A-S-PC-DSy, in spite of the fact that it takes over twice as long to administer. The I-DSp-PC and I-DSp short forms of Kaufman can be seen to compare favorably with V-BD when administration time is considered.
Although the short forms of Kaufman et al. (1991) were efficient in comparison to those of Silverstein (1982) and Reynolds et al. (1983) , they were not always strikingly superior to other brief forms of the WAIS-R in this sample of brain-damaged patients. Kaufman's tetrad of A-S-PC-DSy ranked high, but the other two forms were less outstanding. A-S-PC-DSy had the smallest mean error (4.30) of any of the 41 short forms, and its adjusted mean error (4.64), which is indicative of comparative efficiency, was one of the smallest. I-DSp-PC was somewhat less efficient (adjusted mean error = 5.38) than A-S-PC-DSy but still ranked 16th out of 41 short forms, and its mean error (5.18) was 12th (1 l th in adjusted mean error) among the 28 forms requiring between 15 to 20 minutes for administration. I-PC was approximately midway among the very quick (less than 15-minute administration time) in terms of efficiency (5.60) and mean error (5.91).
As noted by Kaufman et al. (1991) , order of subtest administration can affect short form validity. 1-PC and I-DSp-PC were both selected by Kaufman et al. partly because prior research had shown that subtests occurring later in the usual administration of the WAIS-R could overestimate Full Scale IQs when given separately in 2-and possibly 3-subtest short forms. The present data indicate that the patterning of subtest scores in brain-damaged samples should also be considered. For Kaufman's I-PC, for example, the Full Scale IQ is substantially overestimated, and overall predictability of 1-PC was improved in the present sample by adjusting the estimated IQs downward a few points. Kaufman et al. (1991) also recognized that short form reliability is an important characteristic, and 1-PC, I-DSp-PC, and A-S-PC-DSy all have estimated reliabilities of .90 or larger in the WAIS-R standardization data. Reliabilities were not calculated on the present sample of brain-damaged patients, but they were estimated from the standardization data. Most of the short forms presented in Tables 2 and 3 have adequate reliability, based on the standardization data, but several might be avoided on the basis of low reliability. A-OA was particularly deficient in this regard.
In addition to the psychometric characteristics, clinical considerations can be a factor in short form selection. For instance, Digit Symbol might be included in an abbreviated intellectual examination, because it can provide insights into a patient's mnemonic functioning. With the introduction of minor procedural changes and the addition of a surprise recall component, Digit Symbol can reflect the capacity for incidental learning of rehearsed material (Hart, Kwentus, Wade, & Hamer, 1987; Kaplan, Fein, Morris, & Delis, 1991) . Subtest selection can also be affected by patient disability as in the case of dominant-side hemiparesis forcing the exclusion of Digit Symbol because of the sizable reduction in performance when the nondominant hand is used (Briggs, 1960) .
Despite their limitations, there are potential applications for quick WAIS-R short forms in neuropsychology. In research, where there is less concern about individual scores than group averages, very brief measures of intelligence could be useful, e.g., as altemate forms for repeated testing over short periods of time. Clinically, short forms could serve for the brief reassessment of persons who have had recent complete neuropsychological evaluations (Kaufman et al., 1991) , or a quick abbreviation might be a valuable component in dementia assessment. The present results assist in choosing among the many quick short forms by quantifying their relative psychometric merits and deficiencies.
